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Abstract 
The paper presents the results of a computational analysis into the thin-wall sample cooling during in-pile irradiation in a two-body 
ampoule channel with heat transfer by natural convection. A two-body design of the channel makes it possible to change the channel wall 
heat resistance with the channel heat leak regulation by varying the gas composition and pressure inside the gap between the bodies. The 
purpose of the study is to determine the feasible sample cooling conditions in the considered channel. The computational analysis was 
based on a thermal-hydraulic code, RELAP5/MOD3.2. For the calculations, helium and nitrogen were assumed to be the filling gas for the 
gap between the bodies. Major regularities in the variation of irradiation temperatures have been shown depending on the power density 
in the channel and irradiation device structural materials, the circulation circuit height, and the channel wall heat resistance. By varying 
the circulation circuit height and the power density in the structural materials, it is possible to provide inside the ampoule channel the 
sample cooling temperatures in a range from the circumambient primary coolant temperature to the boiling temperature at a given pressure 
(50–331 °C). With no coolant boiling on samples and with the maximum (8 m) circulation circuit height, not more than 55 kW (14 W/g on 
samples) is removed when helium is used as the gap filling gas and not more than 15 kW (3.7 W/g on samples) is removed when nitrogen 
is used, while, with the minimum (1 m) circulation circuit height, the respective values are not more than 10 kW (2.5 W/g on samples) and 
5 kW (1.2 W/g on samples). 
Copyright © 2016, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by 
Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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t  Introduction 
The evolution of nuclear power requires more extensive
and in-depth studies in the field of reactor material science.
The use of loop facilities is the simplest way to ensure the
required irradiation conditions for the experiment. However,
due to heavy loading of the existing loop facilities, there is an
acute need for a tool to be developed to provide the required∗ Corresponding author. 
E-mail addresses: tosipova89@gmail.com (T.A. Osipova), 
marat2oo8@mail.ru (M.F. Valishin), Uzikov62@mail.ru (V.A. Uzikov), 
spthlw3@gmail.com (P.S. Palachev). 
Peer-review under responsibility of National Research Nuclear University 
MEPhI (Moscow Engineering Physics Institute). 
Russian text published: Izvestia Visshikh Uchebnikh Zavedeniy. Yader- 
naya Energetika (ISSN 0204-3327), 2015, n.4, pp. 72-78. 
c  
r
I
 
F
 
r  
http://dx.doi.org/10.1016/j.nucet.2016.03.012 
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B.V. This is an open access article under the CC BY-NC-ND license ( http://creatinvironment for irradiation of materials inside the reactor [1] .
n ampoule channel design based on natural coolant circu-
ation has been proposed as part of the efforts to build such
ool. The purpose of the study is to identify the potential
odes for the sample cooling via natural convection in the
mpoule channel. 
This study aims to investigate the major regularities of
he thin-wall sample cooling during irradiation in a two-body
hannel with a gas gap installed in the SM-3 reactor facility
eflector cells [2] . 
nput for the calculation 
A diagram of the natural-circulation channel is shown in
ig. 1 [3] . 
The channel consists of two pressurized bodies 1, 2 sepa-
ated by a gas gap with a thickness of 1.35 mm. At the levelscow Engineering Physics Institute). Production and hosting by Elsevier 
vecommons.org/licenses/by-nc-nd/4.0/ ). 
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Fig. 1. A diagram of the natural-circulation channel: 1 – outer body; 2 –
inner body; 3 – divider; 4 – holder simulator with samples; 5 – rod. 1 – T F ; 
2 – Water; 3 – Gas. 
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Table 1 
Power density distribution in the ampoule channel and ID structural elements. 
Structural element Fraction of power density, rel. units 
Divider 0.07 
ID 0.35 
Body 0.58 
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nf the sample holder, the outer body is a tube of 62 × 3 mm,
nd the inner body is a tube of 53.3 × 2.65 mm. There is a
ow divider 3 in the form of a tube of 38 × 1 mm inside the
hannel. 
The irradiation device (ID) is installed inside the flow di-
ider 4, 5. Samples have the form of thin-wall plates with a
eveloped heat removal surface. 
The irradiation temperature inside the natural-circulation 
mpoule channel is regulated by varying the channel body
eat resistance through the selection of the gas parameters
4,5] , as well as the circulation circuit height (by plugging
he flow path and the overflow holes in the divider). The cir-
ulation circuit height is counted off from the channel bottom
nd may vary in a range of 1 to 8 m. 
The computational analysis of the temperature conditions
chievable in the natural-circulation ampoule channel was
onducted depending on the following parameters: 
– Total power density (in the channel structural materials, in
the ID with samples); 
– Circulation circuit height; 
– Channel body heat resistance. The effects of these parameters on the sample cool-
ng conditions were investigated using the RELAP5/MOD3.2 
hermal-hydraulic code [6] . 
Input for the calculation: 
– Channel and ID geometry; 
– Divider, channel body and ID materials –12Kh18N10T 
steel; 
– Coolant pressure inside the channel –13 MPa; 
– Gas in the space between the bodies –helium or nitrogen
of 0.1 MPa; 
– Conditions of heat removal from the ampoule channel: 
– Primary coolant temperature –50 °C; 
– Primary coolant pressure –5 MPa; 
Downward flow rate in the reactor’s central shell –
1400 m 3 /h; 
– Upward flow circulation rate in the annulus with a 1 mm
wide gap at the core level –1.5 m/s. 
See Table 1 for the power density distribution in the chan-
el and ID structural materials. 
alculation results 
The potential temperatures of the sample cooling in the
atural-circulation ampoule channel across the circulation cir-
uit height range (from one to eight meters) are presented in
ig. 2 . Helium with a pressure of 0.1 MPa is assumed to be
he annulus filling gas [7] . 
The average coolant temperatures at the sample level are
iven on the abscissa axis, and the total power density inside
he ampoule channel, the divider and the ID is given on the
rdinate axis. One kilowatt generated in the ID corresponds
o a specific power density of 0.7 W/g. 
By varying the circulation circuit height and the power
ensity in the ampoule channel, it is possible to regulate the
ample cooling conditions in a range from the circumambient
rimary coolant temperature to the boiling temperature [8] at
 given pressure (50–331 °C). 
An increase in the circulation circuit height leads to a tem-
erature decrease on samples due to a larger surface of the
eat exchange with the primary coolant. 
With the greatest possible circulation circuit height, the
ower boundary of the total power at which boiling is
chieved on samples is ∼55 kW, which corresponds to
20 kW (l4 W/g) generated in the ID with samples. With the
inimum circulation circuit height, a total of not more than
20 kW (3.5 kW (2.5 W/g) on samples) can be removed with
o coolant boiling. 
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Fig. 2. Sample cooling temperatures in the natural-circulation ampoule channel across the circulation circuit height range. 
Fig. 3. Temperature conditions in the natural-circulation ampoule channel. 
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o  In Fig. 2 , the lower limit of the ampoule channel’s oper-
ating modes is indicated by the curve corresponding to the
minimum circulation circuit height, and the upper limit is
indicated by the curve corresponding to the maximum circu-
lation circuit height. 
To estimate the effects of the channel body heat resistance
on the sample cooling conditions, additional calculations were
conducted with nitrogen of 0.1 MPa assumed to be the gap
filling gas ( Fig. 3 ). Due to low heat conductivity of nitrogen,
the maximum total power at which there is no boiling on
samples is about 15 kW, while, with highly heat-conductive
helium assumed to be the gap gas, it is about 55 kW. 
The use of nitrogen makes it possible to achieve high tem-
peratures with low power density values on samples (up to
3.5 kW). n  It can be seen in Fig. 3 that there is a region of the sample
rradiation modes achievable both with the use of helium and
itrogen as the channel gap gas. 
onclusion 
It has been shown in the study by calculations that an am-
oule channel with natural coolant circulation provides for the
ample cooling temperature modes in a broad range of tem-
eratures (50–331 °C), which makes it possible to irradiate
amples for modeling of water-cooled power reactor param-
ters. With no boiling on samples and with the maximum
irculation circuit height, not more than ∼55 kW (14 W/g
n samples) is removed when helium is used as the chan-
el gap gas and not more than 15 kW (3.7 W/g on samples)
T.A. Osipova et al. / Nuclear Energy and Technology 2 (2016) 60–63 63 
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 s removed when nitrogen is used, while, with the mini-
um circulation circuit height, the respective values are not
ore than 10 kW (2.5 W/g on samples) and 5 kW (1.2 W/g on
amples). 
eferences 
1] S.V. Seredkin , P.S. Palachev , N.Yu. Marikhin , D.A. Fedotova ,
V.A. Uzikov , T.A. Osipova , G.D. Gataullina , Razrabotka metodiki issle-
dovaniya korrozionnogo rastreskivaniya pod napryazheniem splava IN-
CONEL 718 pri obluchenii v reaktore SM [Development of Procedures
To Study Stress Corrosion Cracking in the Inconel 718 alloy in the SM-3
Reactor]. A report on the key research activities performed in 2013, JSC
SSC RIAR, Dimitrovgrad, 2014, p. 31. (in Russian) . 
2] A.I. Zvir , M.N. Svyatkin , A.L. Petelin , in: Materialy 11-go yezhegodnogo
rossiyskogo soveshchaniya “Bezopasnost issledovatelskikh yadernykh us- 
tanovok” [Materials of the 11th annual Russian conference “Safety of 
nuclear research facilities”], Dimitrovgrad, 2009, pp. 38–44 . 
3] T.A. Osipova, in: 18-ya Mezhdunarodnaya telekommunikatsionnaya kon-
ferentsiya molodykh uchyonykh i studentov “Molodezh i nauka” [Pro-
ceedings of 18th International Telecommunications Conference of Young
Scientists and Students “Youth and Science”], Moscow, 2014 Available
at: http:// mn.mephi.ru/ articles/ 1110/ (accessed date: 1 August 2015) (in
Russian) . 4] B.V. Samsonov , V.A. Tsykanov , Reaktornye Metody Materialovedeniya
[Reactor Material Science Methods], Energoatomizdat Publ., Moscow,
1991, pp. 64–71. (in Russian) . 
5] V.A. Tsykanov , B.V. Samsonov , Tekhnika oblucheniya materialov v
reaktorakh s vysokim neytronnym potokom [Technology for irradiation
of materials in high-flux reactors], Atomizdat Publ., Moscow, 1973,
pp. 204–220. (in Russian) . 
6] RELAP5/MOD3, vol. 1-7. Code manual. NUREG/CR-5535 INEL-
95/0174, 1995. 
7] Spravochnik [Physical Quantities: Reference Book], Energoatomizdat 
Publ., Moscow, 1991, p. 1232. (in Russian) . 
8] P.L. Kirillov , Y.S. Yuriyev , V.P. Bobkov , Spravochnik po teplogidravlich-
eskim raschetam (Yadernye reaktory, teploobmenniki, parogeneratory 
[Reference Book on Thermohydraulic Calculations (Nuclear Reactors,
Heat Exchangers, Steam Generators)], Energoatomizdat Publ., Moscow,
1990, p. 360. (in Russian) . 
